ABSTRACT
Introduction

42
Preterm birth (< 37 weeks gestation) occurs for ~10% of all live births and the 43 number is stable or even slightly increasing (23). Especially when born late preterm, and 44 following survival in the immediate postnatal period, most preterm infants appear to grow the immediate postnatal period has not been available.
73
The newborn preterm pig born at 90% gestation has recently been used birth, even in preterm pigs, due to their precocial development. Nevertheless, the pig brain 78 shares many similarities with the human brain in its gross anatomy (34) , and the relatively 79 large size at birth allows investigations using similar clinical tools in pigs and infants (8).
80
Importantly, the perinatal brain growth velocity peak is similar (13), suggesting that the In pigs, a reduction in gestation length by just 10% results in severe signs of 87 prematurity because many organs including the lungs, gut and liver develop rapidly in the 88 last 2-3 weeks before normal birth. This likely also affects neurodevelopmental outcomes.
5
Increased mortality and aberrant behavior were recently associated with low levels of 90 serotonin at birth in pigs (11).Serotonin, synthesized from tryptophan mainly in the gut, is 91 an important neurotransmitter that affects the developing brain (4; 39) but also functions 92 outside the CNS, e.g. nutrient metabolism and gut function (16; 51).
93
We hypothesized that preterm birth would impair the clinical and physiological whereas from day 9-22 feeding frequency was increased during day time to a total of 10 137 feedings per day. On day five, following the critical neonatal period, a subset of randomly 138 selected piglets from each feeding group was euthanized and tissues were collected. For 139 the remaining pigs, the parenteral nutrition was discontinued and all piglets were given water from day 5-26.
147
After catheterization, iron dextran, 1 mL (200 mg Uniferon, Pharmacosmos,
148
Holbaek, Denmark) was injected subcutaneously into the inguinal region, and passive 149 immunization was provided as three boluses of maternal sow plasma coinfused with the 150 parenteral nutrition at 5 h (4 ml/kg), 13 h (5 ml/kg) and 21 h (7 ml/kg) after the caesarean piglets. Also, metoclopramide (0.5 mg/kg i.m., Primperan, Sanofi-Aventis, Hørsholm,
181
Denmark) was used to support stomach emptying in preterm pigs on day 22 (n=1) and day 182 23 (n=2) in individual cases of suspected ileus.
183
Each piglet was clinically assessed at 9 am and 6 pm every day throughout the 184 study period and assigned a clinical score between 1 (best) to 4 (worst). Assessment 185 criteria included respiratory distress, cyanosis, cold extremities, lethargy, reduced activity, 186 diarrhea, abdominal distension, vomiting, and skin changes. A specific hydration score 187 was assessed by grasping a skin fold behind the ear and measuring the delay in seconds
188
(1: no delay, 2: 2-5 s, and 3: ≥ 6 s) before the skin fold would return to its normal position.
189
A fecal score was given every day at 9 am and 18 pm according to the following criteria 0: wall that were judged to be due to poor balance were not included.
267
A Novel Object Recognition (NOR) test was applied on day 16 and 24 to asses both the risk of an a priori object preference that would interfere with the test regime, the 273 objects chosen were based on previous findings in pigs (31) . In brief, the piglet was placed 274 13 in the arena with two similar objects and allowed time to explore these. After the ITI, the 275 pig was reintroduced to the arena in which one of the two objects had been replaced, and 276 the time spent exploring the novel object, relative to the old object, was quantified (1). explore until initially a spontaneous touch evoked a click which was rewarded with 3 mL 295 milk (their usual milk). The milk was offered to the piglet in a trough introduced into the 296 start area by the trainer and with the door shut to prevent access to the test area (Fig 1D) .
14
When the pig finished the reward, the guillotine door was re-opened and the pig was 298 allowed to move back into the test area for a new poke on the touch panel. Assessments 299 of learning performance were quantified as the time taken from opening of the guillotine 300 door to the first poke-reward, and subsequently the number of poke-rewards within a 5 min 301 training session. Training started on day 17 with a final session on day 25.
302
The cage was initially constructed to test piglets in a visual delayed match to 303 sample (VDMS) task, assessing both learning abilities and working memory. Preliminary 304 observations showed however, that even the acquisition phase (learning to poke the touch 305 panels for a milk reward) appeared very challenging for preterm piglets. Within the first 306 four acquisition days, some term piglets were convincingly poking the touch panels, and 307 for these the complexity of the task was increased, so they had to visually discriminate 
Results
340
Clinical observations and blood chemistry values
341 Term piglets were euthanized for tissue collection either at birth (n=11), day 5 342 (n=22) or day 26 (n=22). One term pig died spontaneously on day 3. Likewise, preterm 343 pigs were euthanized for tissue collection at birth (n=10), day 5 (n=37) or day 26 (n=34).
344
Twenty-nine preterm piglets from these litters were euthanized or died spontaneously did not change over time, whereas in term piglets levels rose and peaked at day 5 (Table   368 1, Figure 2) . From day 9 there were signs of diarrhea in both groups. Figure 3A ) and intra uterine growth restriction (IUGR, <10 th percentile of gestational age)
399
was comparable (11%) in both groups. During the first 24 h, preterm pigs lost more weight 400 than term pigs (73.8 ± 2.3 vs. 17.1 ± 3.9 g/kg, P<0.01) and they did not reach a plateau in 401 body weight gain until day 4, which was later than in term pigs. Relative weight gain was 402 significantly lower in preterm pigs during the first 5 days (Figure 3B) , the age at which they 403 were weaned to full enteral nutrition. At this age, preterm pigs showed delayed ability to 404 drink from a trough (56 ± 9 vs. 13 ± 3 h, P<0.001). in preterm pigs, while kidney weights were increased, relative to body weight ( Table 2) .
426
Also at day 26, relative fat mass tended to be increased in the preterm pigs (P=0.06),
427
while bone mineral density was comparable between the groups. complications that result from this immaturity.
504
Both infants and pigs show impaired glucose homeostasis after preterm birth.
505
We speculate that the low lactate levels at 0-5 days in preterm pigs result from low levels Cortisol (ng/ml) 47.9 ± 6.7 59.2 ± 10.4 101.6 ± 9.2 153.7±18.0 13. training days also 50% of preterm pigs had reached this criterion, and these are collectively 655
